Objective: To investigate the presence of secular trends in skeletal maturation of girls and boys as assessed by the use of cervical vertebrae bones.
Introduction
Whether children, especially girls, are entering and progressing through puberty earlier now than before is receiving public attention; the popular press reports increasingly about the subject (1) (2) (3) (4) . Scientific evidence suggests a secular trend towards earlier onset of some biological pubertal markers, which was attributed to many factors including diet, obesity, stress, and socio-economic status (5) (6) (7) (8) (9) (10) . A secular trend is a change in the distribution of a studied variable(s) in a population during a specified time frame usually years or decades (11) . Whether and why earlier puberty is happening is of concern especially in girls, for both medical and psychosocial reasons. Studies (12, 13) suggested that earlier puberty may slightly increase the risk of breast cancer which could be the result of longer lifetime exposure to the hormones oestrogen and progesterone. Although the impact of early maturation on boys may be less critical, clinicians will need to revise their norms if a shift in the age of puberty is documented.
In orthodontics, a patient's maturational profile dictates the nature and timing of growth-related treatments, the pubertal growth spurt period is of most important in this regard (14) . In addition to chronological age, sexual maturation characteristics, dental development, height, weight, and skeletal development have been used as maturational indexes to identify stages of growth (15) . Skeletal age is a term used to describe the stage of maturation of an individual, while skeletal maturation refers to the degree of bone development and ossification. It is now highly accepted that chronological age does not European Journal of Orthodontics, 2017, 188-193 doi:10.1093/ejo/cjw040 Advance Access publication 14 May 2016 necessarily correlate well with skeletal age and concurrence between them is not common therefore; in normally growing children, indicators of skeletal maturation provide a more reliable mean of individual growth evaluation (16, 17) .
For orthodontic diagnosis and treatment purposes, it is the identification of a growth interval not a rigid stage of growth that is important in skeletal age assessment (18) . Moreover, it is the peak of skeletal growth that is the period of most interest where wide variations in the chronological age of the onset and duration of the adolescent growth period have been found in both males and females (19) . Skeletal age assessment uses either stages of bone maturation or certain ossification events (20) (21) (22) (23) . A previously published systematic review on using hand-wrist radiographs in skeletal maturation assessment suggested that individual ossification events are of limited value in predicting the pubertal growth spurt, therefore, methods that include bone stages as well as ossification events would be more accurate (24) .
For decades, hand-wrist radiographs were routinely used as a diagnostic tool to evaluate the maturational status and the growth stage of the individual orthodontic patient. However, lateral cephalometric radiographs showing the cervical vertebrae have recently been replacing hand-wrist radiographs (25) . Generally, assessment of the skeletal maturation using the cervical vertebrae is based on changes in the shape of the vertebrae bodies, specifically height/ width ratio and the depth of the concavity of the inferior border of the vertebrae. Using lateral cephalometric radiographs to estimate the growth spurt gives the orthodontist the advantage of using a routinely taken diagnostic radiograph to aid in formulating treatment options while avoiding concerns about exposing patients to unnecessary radiation when taking hand-wrist radiographs (26) (27) (28) (29) .
The ultimate goal for the clinician is to get as much information as possible from a radiograph with the least possible radiation (30) . The effective radiation dose was found equal to 5.03 microsieverts for conventional lateral cephalogram without use of a thyroid shield, 3.30 μSv for conventional lateral cephalogram with use of a thyroid shield, and 0.16 μSv for conventional hand-wrist (31) . The small dose of handwrist radiograph should not invite clinicians to ignore their responsibility to order radiographs wisely in their practices; some of the effects from radiation are cumulative throughout life and therefore every possible effort should be made to reduce these risks (32) . A second reason that encouraged clinicians to use lateral cephalographs routinely in skeletal age assessment was the high correlation that was found between skeletal age assessment based on cervical vertebrae maturation (CVM) and that based on evaluation of hand-wrist bones (33) (34) (35) (36) (37) (38) (39) (40) (41) .
The collections of records of the well-known longitudinal craniofacial growth studies are important sources of data for researchers. These records are of special value for studies investigating the presence of secular trends. The records of the Denver growth study, one of these studies, were used in the current study. These records are unique to the extent that comparable records cannot be obtained now, at least, for ethical reasons that would not allow such type of record compilation which is mainly done for research reasons. In addition, due to ethical concerns about radiation in recent years, taking radiographs for any patient has become stricter.
The aim of this study was to investigate the presence of secular trends in the timing of skeletal maturation of girls and boys as assessed by the use of cervical vertebrae bones in two samples collected decades apart.
Materials and methods

Study design
The study design of this research was set as retrospective cross-sectional that used lateral cephalographs. The study included two main groups: the first included data collected from the Denver growth study (42) . The Denver growth study is of the mixed longitudinal type, the collection of records contains lateral cephalometric, postero-anterior, and hand-wrist radiographs, as well as plaster casts of the dentition. The study followed males and females of European white ancestry over a period ranged from 2 to 20 years. Follow-up started sometimes at as early as 3 months age; therefore, the study included all types of malocclusion as well as normal occlusion. The current study used locally available copies of Denver study radiographs and also radiographs downloaded from the American Association of Orthodontists Foundation Legacy Collection website, http://www.aaoflegacycollection.org/aaof_home.html. During collection of the cephalographs for the Denver group in the current study, only one film was chosen from the records of each subject. The second group included patients' cephalographs from the records of an orthodontic clinic of a North American University located in a large city. All of the university cephalographs were pretreatment x-rays for Caucasians of white ancestry patients. Therefore, the data for two groups were independent data.
Samples' inclusion criteria
The radiographs selected in the two groups were for subjects with ages ranging from 7 to 18 years at the time of taking the radiograph. Knowing the date of birth of the patient to whom the radiograph belongs, the age was calculated by subtracting it from the date at which the radiograph was taken. To investigate the presence of secular trends in the timing of the skeletal pubertal growth spurt, it was decided to set a time frame for the included radiographs, therefore, the date of birth for subjects from Denver growth study was between 1930 and 1960 and for university group was between 1980 and 2010. The inclusion criteria for the radiographs included: high quality and good contrast images, no previous trauma to the neck, and no congenital, acquired, or developmental malformations of the cervical vertebrae area. Another decisive factor in the selection was the presence of the three first cervical vertebrae clearly in the cephalograph.
Sample collection and organization
Out of thousands of radiographs, a large pool of records that met the inclusion criteria was selected for each of the Denver and university groups. According to the study design, the chosen records were included in one of four subgroups: 1. lateral cephalographs for girls from the Denver group, 2. lateral cephalographs for boys from the Denver group, 3. lateral cephalographs for girls from university group, and 4. lateral cephalographs for boys from the university group.
The next step was to assess the CVM stage of the collected cephalographs. Prior to the assessment all the records were deidentified by the principal investigator following procedures approved by the human studies committee. Assessment was done in each of the two major groups (Denver and university) with the investigator blinded to the gender and the chronological age of the subjects. After skeletal assessment, the data of each major group were separated according to the gender into two subgroups and then the data of each subgroup were arranged according to the CVM stage. Because the majority of the patients in the university group are adolescents, the number of radiographs evaluated as CVM 3 and CVM 4 was larger than the other stages, while radiographs evaluated as CVM 1 and CVM 6 were smaller. In Denver group, the smallest number was CVM 6 probably because subjects of this age group moved to other places for study or jobs. The final step before starting the statistics was to select the final sample and to do that the radiographs in each of the four subgroups were given numbers randomly. Then an equal sample of each maturation stage was selected randomly from the radiographs given odd numbers. A final sample that included 78 lateral cephalographs for girls and a similar number for boys in each of the two major groups was ready for the statistical analysis.
Skeletal age assessment
Cervical vertebrae maturation stages were assessed from the lateral cephalographs according to the method described by Hassel and Farman (43) . Three parts of the cervical vertebrae were assessed namely the odontoid process of the second cervical vertebra (CV2), the body of the third cervical vertebra (CV3), and the body of the fourth cervical vertebra (CV4). The area of CV2, CV3, and CV4 is usually visible on lateral cephalographs even when the subject wears a protective collar. The method followed the changes in the shape of the vertebrae bodies, specifically height/width ratio and the depth of the concavity of the inferior border of the vertebrae. Therefore, visual assessment of the morphological maturational stages of the cervical vertebrae in the current study included: 1. presence of a concavity at the lower border of the odontoid process of CV2, CV3, and CV4, and CV2. shape of the body of CV3 and CV4 described as trapezoid; the upper border is tapered from posterior to anterior, rectangular; the heights of the posterior and anterior borders are equal and the upper and lower borders are longer than the anterior and posterior borders, square; the posterior, upper, anterior, and inferior borders are equal, vertical rectangular; the posterior and anterior borders are longer than the upper and lower borders. Although radiographs were taken with different machines and technique, magnification effect was not a concern since the method adopted a visual subjective assessment of the changes. CVM stages could be assessed either from tracings of these radiographs or directly from the radiographs, which was the method of choice in this study to avoid tracing errors and/or bias.
Statistical analyses
Cohen's Kappa statistics were calculated to assess the intra-examiner agreement between repeated evaluations of the CVM stages based on 25 randomly selected lateral cephalographs reassessed after 2 weeks from the first evaluation by the same examiner.
A three-way analysis of variance (ANOVA) was used to study the main effects, first-and second-order interactions among the three factors (groups, gender, and CVM stages) on chronological age. Two-way ANOVAs were used to study the main effect and first-order interaction among pairs of factors. Independent-sample Student t-tests were used to compare the mean differences in age between males and females at each CVM stage. P-value of ≤0.05 was set as the level of statistical significance. All calculations and tests were carried out using IBM SPSS Statistics for Windows (version 22.0, IBM Corp., Armonk, New York, USA).
Results
Intra-observer agreement of the CVM stages' assessment showed high reliability indicated by Kappa value of 0.90.
The results of three-way ANOVA showed a statistically significant interaction among the three factors (independent variables), F (5, 288) = 7.021, P < 0.001. The results of two-way ANOVAs indicated that there was a statistically significant interaction between gender and CVM stages, and groups and CVM stages, F (5, 300) = 6.752, P < 0.001 and F (5, 300) = 2.493, P = 0.031, respectively. There was no statistically significant interaction between gender and groups, F (1, 308) = 0.033, P = 0.856; no statistically significant main effects on groups, F (1, 308) = 0.066, P = 0.797; and statistically significant main effect on gender, F (1, 308) = 5.699, P = 0.018. For the female subject's data, there was no statistically significant interaction between groups and CVM stages, F (5, 144) = 0.627, P = 0.680. However, for the male subject's data, there was significant interaction between groups and CVM stages, F (5, 144) = 13.220, P < 0.001. For the Denver data, there was significant interaction between gender and CVM stages, F (5, 144) =7.721, P< 0.001. For the university (UIC) data, there was no significant interaction between gender and CVM stages, F (5, 144) = 2.092, P = 0.070. Independent student t-tests (Table 1) showed no mean differences on the age of girls between the Denver and university groups in any of the 6 CVM stages. Different results were seen for boys between Denver and university groups with mean differences in four maturation stages; stage 1, stage 2, stage 5, and stage 6. Independent student t-tests (Table 2) showed no mean differences between the age of girls and boys from the Denver study in stage 1 and stage 3, while differences were found in stage 2, stage 4, stage 5, and stage 6. In the university group, girls and boys were different in stage 1, stage 2, and stage 3, but were not different in stage 4, stage 5, and stage 6.
Discussion
In an earlier study, some biological indications of earlier maturation were observed in girls, but not in boys (44) . A panel of expert paediatric researchers examined the weight of evidence of presence of secular trends in US puberty timing data from 1940 to 1994. The majority of the panellists found that the data examined were sufficient to suggest a trend towards an earlier breast development onset and menarche in girls, while in boys almost all of the panellists agreed that the data were insufficient to indicate secular trends in male pubertal maturation (45) . Whether these physiological and biological trends could be accompanied by secular skeletal changes is not yet proven. Few studies on secular trends in skeletal maturity had been conducted, so data on the subject are still not enough to draw conclusive results.
In the current study, no age difference was noted between girls from Denver growth study and girls from university clinic in any of the CVM stages. Therefore, although the literature presented evidence of early maturation in girls based on certain biologic markers, results of the current study did not find a similar trend for skeletal maturation. However, there were statistically significant age differences between boys from the two groups in certain stages; boys in the university group started their growth spurt later than boys in the Denver group as they were in CVM stage 1 and stage 2 about 1.0 year later, but they completed their growth earlier as they were in CVM stage 5 and stage 6 about 1.5 years earlier than boys in the Denver group. What was common between boys and girls when comparing each of them from Denver and university groups was the insignificant difference in the mean age of CVM stage 3 and also stage 4. This means that girls from both groups went through these two stages almost at the same age which was also true for boys. These results should be considered by clinicians because earlier studies (46, 47) found that, in the majority of subjects, the pubertal peak in both mandibular growth and body height occurred during these two stages of CVM. The transition from stage 2 to stage 3 took about 1.5 years in girls from Denver group and about 1.2 years in those from university group, while it took about 3.2 years in boys from Denver group and about 2.0 years in boys from university group. It seemed that the acceleration stage became shorter especially in boys. Overall, comparing boys from the university group to boys from Denver group showed obvious time variation in the pattern of skeletal maturation. These findings reassure clinicians that they could still rely on the norms they are using particularly at the period which is in the focus of clinicians' attention. Modern lifestyle including diet, physical activity, and exposure to chemicals had been suggested as contributing factors to earlier puberty as evaluated by staging secondary sexual characteristics (48) (49) (50) . On the other hand, differences between the sexes in their response to environmental changes had been studied and results provided, at least, weak evidence that males are less buffered than females against the environment during growth and development. The results of studies on the skeletal maturation of children living under stressful conditions found more retarded skeletal development in males in comparison to females under conditions of environmental stress (51) . A study (52) A recent longitudinal study on the pattern of skeletal maturation also supported this notion that boys are more sensitive to environmental conditions than girls (53). However, till now studies did not provide specific information about the environmental factors that could be involved in influencing the skeletal maturation of children, but they definitely raise questions towards how adolescence life has changed during some past decades.
Gender differences in puberty timing had been reported repeatedly; a 2 year earlier beginning, peak, and end of the pubertal height growth spurt was found in girls (54) . Also hand-wrist radiographs showed that girls were ahead of boys in the different stages of skeletal growth spurt (16) . In the current study, gender differences in the timing of the pattern of skeletal maturation within each group were observed from the results of CVM stages: in Denver group, girls and boys started their growth spurt at nearly the same age, however, starting from CVM stage 4 boys reached each stage in significantly older age than girls and so completed their maturation later. Boys of the university group started their growth spurt later than girls by about 1 year and then growth was accelerated in the later stages that they completed their growth at nearly the same age as girls so it seemed that at the present time boys complete their growth earlier than before.
How reliable is the CVM staging method in pubertal growth spurt assessment is still controversial and support for the method is not full which should be taken into consideration as a potential limitation of this study. The use of CVM staging in pubertal growth spurt assessment has been studied extensively in the past years, a systematic review that explored this issue expressed concerns about many of the studies that examined the use of CVM as indicator of skeletal maturation because of the flaws in the methodology of many of these studies such as absence of randomization, method error, and/or proper statistical analyses (55) . Although, support for use of the (CVM) method clinically was not full (56, 57) , it was observed that authors in research who serve as observers have better understanding of the CVM method which helps them overcoming the possible problem of poor reproducibility (57) .
A new breakthrough in understanding and explaining children's maturation comes through molecular genetic studies that aim to answer all the questions not answered by epidemiological studies. Molecular genetic studies investigated children's maturation and the possible related factors and found complex relationship between multiple developmental traits. Scientists hope that following the gene effects across multiple growth periods may reveal how childhood events are linked to adult outcomes such as height growth, pubertal timing, and adult stature (58).
Conclusions
1. There was no evidence to indicate a tendency for earlier onset of skeletal maturation of Caucasian girls or boys over the past decades. 2. In a modern North American University orthodontic clinic, Caucasian boys started their skeletal maturation later, but they completed their growth earlier than before. 3. Gender had a significant effect on the skeletal maturation stages in both Denver and university groups.
